Long-term depression (LTD) of the efficacy of synaptic transmission is now recognized as an important mechanism for the regulation of information storage and the control of actions, as well as for synapse, neuron, and circuit development. Studies of LTD mechanisms have focused mainly on postsynaptic AMPA-type glutamate receptor trafficking. However, the focus has now expanded to include presynaptically expressed plasticity, the predominant form being initiated by presynaptically expressed G i/o -coupled metabotropic receptor (G i/o -GPCR) activation. Several forms of LTD involving activation of different presynaptic G i/o -GPCRs as a 'common pathway' are described. We review here the literature on presynaptic G i/o -GPCR-mediated LTD, discuss known mechanisms, gaps in our knowledge, and evaluate whether all G i/o -GPCRs are capable of inducing presynaptic LTD.
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Defining LTD It is increasingly clear that LTD is crucial for shaping lasting changes in circuit function, learning, memory, and behavior. LTD is often thought of as a mechanism that weakens synaptic strength (see Glossary) [1] . However it is a common misconception that LTD is 'forgetting' and long-term potentiation (LTP) is 'memory'. Several studies now indicate that LTD supports various forms of learning [2] [3] [4] . LTD may function as a signal/noise filter because the strongest afferent inputs would have the most influence on postsynaptic neuronal output. LTD may thus increase the amount of convergent input required to generate output from a particular circuit element. It is conceivable that if both presynaptically expressed LTD and postsynaptically expressed LTP exist at the same synapse, the earliest response to a burst of afferent inputs would be augmented relative to subsequent responses. Therefore, LTD contributes to frequency-filtering at synapses that are crucial for encoding novel behaviors or memories.
In contrast to short-term depression (STD; Figure 1A ), which by definition lasts for only seconds to minutes, LTD persists for tens of minutes or more (Box 1, Figure 1B ).
Operational definitions of what constitutes LTD vary, however. The more liberal definition of LTD is any suppression that persists over time and may or may not be reversed by a receptor antagonist. We refer here to the type of LTD that is reversible by application of receptor antagonists after LTD is established as 'labile' LTD ( Figure 1C ). There are a few reasons that suppression can endure but be reversible -including persistent neurotransmitter release, persistent receptor binding, or poor agonist clearance. Indeed, extracellular levels of neuromodulators can reach levels that tonically activate receptors [5, 6] . Receptor conformational states may also play a role in the reversibility of LTD [7] . A more stringent definition of LTD is a persistent depression that is not reversible by application of receptor antagonists after LTD is established, which we refer to as 'static' LTD ( Figure 1D) .
Mechanistically, LTD can be placed into two categories: those with presynaptic and those with postsynaptic expression mechanisms. Postsynaptically expressed LTD generally involves the removal of receptor proteins, such as AMPA receptors, from the postsynaptic membrane, resulting in reduced transmission. These mechanisms are reviewed elsewhere [8] . Presynaptic LTD is expressed through various mechanisms including presynaptic NMDA-type glutamate receptor (NMDAR) activation [9] or the activation of select presynaptically localized metabotropic receptors that couple to G i/o G proteins (G i/oGPCRs). This review focuses on this latter, presynaptic G i/o -GPCR-dependent form of LTD. Furthermore, we discuss a wide range of receptors that mediate presynaptic LTD and explore the general principle that activation of any presynaptic G i/o -GPCR is capable of inducing LTD.
Review
Glossary G i/o G protein-coupled receptor (G i/o -GPCR): an inhibitory metabotropic neurotransmitter receptor characterized by its seven-transmembrane structure and its ability to activate associated heterotrimeric G proteins upon agonist binding. These receptors couple to the G i/o class of G proteins that, when localized presynaptically, allow them to inhibit neurotransmitter release through modulation of adenylyl cyclase (AC), ion channels, and release machinery. Presynaptic long-term depression: long-term depression (LTD) of synaptic efficacy that results from a reduction in the probability of neurotransmitter release. Presynaptic LTD is distinguished from postsynaptic LTD, which results from reduced responsiveness to neurotransmitter owing to a reduction in postsynaptic receptor levels. Short-term depression: short-term depression (STD) of synaptic efficacy is a form of synaptic plasticity that reduces neurotransmission on a timescale of seconds to minutes.
